Introduction
The shear strength in reinforced concrete elements without transverse reinforcement is usually analyzed under two approaches: (i) one-way shear (beam shear) and (ii) two-way shear (punching capacity) (Figure 1a ). However, in the case of partially distributed loads on small areas (concentrated loads) close to supports, not the entire width of the slab is mobilized. In this type of load, the load spreads horizontally towards the support, which explains why the failure mode due to this type of load usually occurs with inclined cracks in relation to the main axis of the slabs (Figure 1b) . For this reason, this problem has been associated to a transition zone between one-way shear force models (cracks parallel to the support) and two-way shear models (tangential and radial cracks) [1] . 
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Shear strength analysis of slabs without transverse reinforcement under concentrated loads according to ABNT NBR 6118:2014
The shear strength analysis, in slabs without transverse reinforcement, has been widely studied in the last decades. Among the reasons for this can be mentioned the complexity of the mechanisms involved and the challenge to formalize a largely recognized model in the scientific community to quantify the influence of these mechanisms, such as (i) capacity of the concrete in the compression zone V c , (ii) residual tension at crack V res , (iii) aggregate interlock between cracked surfaces V ag , (iv) dowel action of the longitudinal reinforcement V dowel and (v) arching action V arc [2, 3] (Figure 1c ). However, in the last decade the analyses involving shear strength in slabs under partially distributed loads have acquired more attention. This has occurred mainly due to the updating of design codes and manuals for bridges, which, due to advances in calculation procedures and increase in traffic on highways, have resulted in increased design loads and calculation models more conservatives, respectively. [4] . The two aspects cited have resulted, for example, in non-approval in the evaluations of shear strength in about 600 bridges in the Netherlands, which led to the re-evaluation of the calculation procedures used in the country [5] . Since in most of the mentioned structures no risk of collapse was identified, it was concluded that additional mechanisms of shear strength were being mobilized, such as the arching effect already known in the case of beams and that the Dutch model of effective width needed to be reviewed. Different experimental studies have been performed around the world in an attempt to better understand the shear strength in the case of the partially distributed load near the supports. Among the investigated parameters are the influence of longitudinal reinforcement types (smooth or ribbed bars), type of support (elastomeric or rigid) [6] and the effect of axial stresses on the shear strength of the slabs Other studies have investigated the influence, on the shear strength and the distribution of reactions along the support, of parameters such as the location of the load, presence of ducts and repeated actions (fatigue) in cantilever slabs [1, 8] . Other studies have investigated the influence, on the shear strength and the distribution of reactions along the support, of parameters such as the location of the load, presence of ducts and repeated actions (fatigue) in cantilever slabs [1, 8] , besides the degree of clamping in the supports and the static system of slabs [9, 10] . In all these investigations, European or American codes/ manuals evaluations were performed on the level of prediction of these analytical models. However, this type of loading (partially distributed load close to the support) is still a little studied issue in Brazil, and as a result no research was found about the precision level of the calculation procedures prescribed in ABNT NBR 6118: 2014 [11] . The development of refined numerical models, incorporating physical and geometric nonlinearities of materials, allowed a more detailed analysis of the shear strength [12] but they still have limited application to professional practice in engineering due to more complexity. For this reason, the development of analytical models that attempt to provide more accurate predictions of shear strength, by means of a consistent theoretical background and accessible application in the design practice, still stand out. In this way, the paper aims to present an evaluation of the Brazilian standard with regard to possible approaches for this type of request, in reinforced concrete slabs without transversal reinforcement, and to discuss aspects related to other codes that can be implemented in the Brazilian code in order to make it more consistent for this type of problem. For this purpose, an experimental database with 118 test results was used, already evaluated accordingly to the European code [13] . Thus the calculation models provided for the ABNT NBR 6118:2014 [11] were assessed on two approaches: (i) one-way shear strength and (ii) punching capacity.
Approaches to shear strength according to ABNT NBR 6118:2014
Most design codes present one-way shear strength models based on slender, lightly reinforced and four-point loaded, whereas punching capacity formulations are based on test of axi-symmetric loaded slabs in the center. [3] . In this way, it is observed that the experiments from which the theories of shear strength in slabs were formulated are not suited to solve particular case loads, such as that of the partially distributed load close to the support. The ABNT NBR 6118:2014 [11] deals with shear strength under two approaches: (i) verification of resistance in slabs or linear elements by a one-way shear model and (ii) verification of punching capacity at critical perimeter. In this item are presented the equations and recommendations for verification of shear strength according to the Brazilian standard and discussed some aspects for application of the calculation models to the case of request studied.
One-way model to slabs without transverse reinforcement
The shear force strength V Rd,6118 in strips of reinforced concrete slabs without transverse reinforcement is determined according to item 19.4.1 of ABNT NBR 6118: 2014 [11] through the equations:
With k being a coefficient that depends on the ratio of longitudinal reinforcement that reaches the supports (for elements where 50% of the bottom reinforcement on single supported slabs does
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not reach the support: k=|1|, and for the other cases: k=|1,6-d|≥1, with d in meters). τ Rd is the design shear strength of concrete, A sl is the area of longitudinal reinforcement which extends to not less than d+ℓ b,nec (defined in the item 9.4.2.5 of the Brazilian code) and illustrated in Figure 2 , b w is the effective width of the cross section along the effective depth d, N Sd is the longitudinal force in the section due to the prestressing or thermal action (compression is considered positive). For the comparison between the values predicted by the analytical models and the experimental values of shear strength, the following considerations were assumed: (i) the measured properties of the materials were used, (ii) all partial factors were considered equal to 1 and iii) the effective width was defined according to Figure 3 . Figure 3a represents the Dutch practice of defining the effective width [14] by horizontal spreading of the load from its center of application towards the support at 45° angle. In Figure 3b it is presented the French practice to define the effective width [15] with horizontal spreading of the load from the farthest face from the support and taking into account the width of the application area of the load. Figure 3c presents the model proposed in the Model Code 2010 [16] .
In the current version of ABNT NBR 6118:2014 [11] guidelines for the definition of the effective width in shear strength are not available in the case of partially distributed loads in small areas close to supports. In the Brazilian design practice, especially in the case of bridge decks, the definition of a slab strip has been diffused from the vertical propagation of the shear force up to the mean plane of the slab at 45 °, as recommended in ABNT NBR 6118: 1980 [17] . In this approach, the effective width in the shear strength is dependent on the relationship between the dimensions of the load application and the slab area [17] (Figure 4 ).
Figure 2
Required anchoring length (adapted from ABNT NBR 6118:2014 [11] )
Figure 3
Definition of the effective width in models of one-way shear force strength according to: a) Dutch method (b eff1 ) [14] , French method (b eff2 ) [15] and c) Model Code 2010 [16] Shear strength analysis of slabs without transverse reinforcement under concentrated loads according to ABNT NBR 6118:2014
Aggregate interlock effect
The aggregate interlock is directly influenced by the aggregate type and the compressive strength of concrete. In lightweight and high strength concretes, the cracks develop preferentially through the aggregate particles, which tends to produce cracked surfaces with less roughness. (Figure 5a ), which causes an abrupt reduction of shear strength (> 40%) when the compressive strength of concretes reaches 70 MPa. The effect of aggregate interlock is not explicitly addressed in other formulations such as Eurocode 2 [18] , ACI 318-14 [19] and ABNT NBR 6118:2014 [11] . Therefore, the shear strength calculated on these models increases continuously with the concrete compressive strength, which is not consistent with experimental observations on elements with compressive strengths of concrete greater than 65 MPa. As shown in Figure 5a , in addition to not considering the reduction of shear strength in the case of high strength concrete (resulting from the aggregate interlock reduction), the ABNT model NBR 6118:2014 [11] considers a ratio increase of shear resistance greater than other codes and manuals.
Longitudinal reinforcement ratio effect
Figure 5b outlines the effect of the longitudinal reinforcement ratio on shear strength by different models. Since in this analysis the cross sectional stress state of the element was not evaluated, the Brazilian code was compared to the simplified calculation models of ACI 318: 2014 [19] (ACI-S) and Model Code 2010 [16] on level I approximation (MC(I)). It can also be noted that, while the Brazilian and European codes consider the progressive increase of shear strength with the increase in the longitudinal reinforcement rate, the ACI 318-S and MC (I), in a more conservative manner, does not consider possible resistance gains by improvement on dowel effect. Figure 5c and Figure 5d present the thickness effect (scale) of the elements in the prediction of shear strength of a slabs strip (f c =30MPa, ρ l =1,75% and b=1 m) by different models. It is observed that the simplified model of ACI 318: 2014 [19] , by not incorporating parameters for the scale effect, leads to overestimated shear strength values in elements of high thicknesses. However, as in slabs the thicknesses are generally much lower than those of beams, the American model is still widely used. In the ABNT NBR 6118:2014 [11] and Eurocode 2 [18] models the scale effect is considered in the formulation by parameter "k", while in the Model Code 2010 (Level II approximation) [16] the scale effect is taken into account by the use of k v(II) .
Size effect
Figure 4 Effective width definition according to ABNT NBR 6118:1980 [17]: a) top view and b) cross sectional view
It can be noted that, in the ABNT NBR 6118:2014 [11] code, the scale effect that reduces the design shear strength of concrete is no longer considered for thicknesses greater than 60 cm, with a constant level from this value. In the case of Eurocode 2 [18] it can be observed that the scale effect is considered only for thicknesses greater than 20 cm.
Shear span to depth ratio effect -(a/d)
The ratio a/d, where "a" is the distance face to face between load and support and "d" is the effective depth of longitudinal reinforcement, takes effect in the main mechanisms of shear transfer (V c , V ag , V dowel and V res ) and in the arch effect [21, 22] . Muttoni and Fernandez Ruiz [23] 
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the arching action is dominant, since the shear cracking can intercept or not the compression strut, (iii) for relations 2,5~3,0 < a/d < 8~13 the governing failure mode is aggregate interlock and (iv) for very slender elements a/d > 8~13 the governing failure mode is again the yielding of flexural reinforcement. In Figure 6 , V r is the shear strength and V plast is the plastic strength. The item 17.4.1.2.1 from ABNT NBR 6118:2014 [11] considers the possibility of shear force reduction in the case of concentrated loads close to supports in beams, reflecting the knowledge about the direct transfer of part of the load through mechanisms of compression struts and arching effect until relations a/d < 2,5, being "a" the distance between axes of load and support and "d" the effective depth. In the Brazilian code [11] the shear force reduction is allowed for loads placed in distances a ≤ 2d from the theoretical axis of the support by multiplying the design shear force by the relation a/2d. However, the Brazilian code does not present provisions in the case of slabs, which are already accepted in the European code [18] and in the Model Code 2010 [16] . In the European code [18] the shear force reduction is allowed for loads applied at distances 0,5 ≤ a v ≤ 2d from the edge of a support (or centre of bearings where flexible bearings are used), being a v the distance between edge of loads and supports, through multiplication of V Ed by:
In the case of the Model Code 2010 the same procedure is allowed, but with 0,5 ≤ β MC ≤ 1. In the posterior developments, the effect of the consideration of the European coefficient β EC was evaluated in the level of precision of the Brazilian code.
Punching capacity model
The punching capacity model for slabs is presented in item Where d is the effective depth of the slab along the critical perimeter considered (in centimeters), ρ is the average ratio of bonded reinforcement (unbonded reinforcement should not be considered according to ABNT NBR 6118:2014 [11] ), ρ l and ρ t are the flexural reinforcement ratio at longitudinal and transverse direction. In the case of Figure 7b it is pointed out that it is required to reduce the perimeter considered due to the load placed near the edge. Similar procedure should be used in situations where the load is not on the edge, but is close to the edge. The definition of the shear stress on critical perimeter depends mainly on the position of the loaded area in relation to the slab and the moment effect of the load in the slab. On this, it is pos-
Figure 6
Influence of the shear span to depth ratio a/d in the shear force strength (adapted from Muttoni and Fernandez Ruiz [23] )
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sible to deal in a similar way with the case of partially distributed loads close to supports and the case of internal columns with moment effect provided in ABNT NBR 6118: 2014 [11] . Thus, the shear stress due to loading in the critical perimeter is:
(2.14)
Where M Sd = F Sd • e F , with e F being a term that can be approximately determined by the eccentricity between the center of the loaded area and the center of gravity of the internal area of the critical perimeter. For a more accurate estimate of e F a non-linear analysis should be performed [13] . The equation (2.14) can then be rewritten as:
Where the term 1+K•e F •u/W p is equal to parameter β eccentricity defined on item 6.4.3 of Eurocode 2 [18] (associated with the moment effect of the load in relation to the critical perimeter and not to a v /2d). In both formulations K is a coefficient dependent on the ratio of the dimensions C 1 and C 2 of column or load, its value being the function of the unbalanced moment transmitted by irregular shear stress and by moment and torsion (Figure 8a ). In this formulation W p corresponds to modulus of plastic resistance at the critical perimeter and is a function of the shear distribution as shown in Figure 8b . For a partially distributed load in a rectangular area the modulus of plastic resistance W p is determined by:
However, in the case of partially distributed loads near supports, the original distance 2d is replaced by the reduced distance a v [13] , which represents the distance between faces of the load and the support, resulting in the relation:
It can be observed that the only difference between the punching models of the Brazilian and European standards is the consideration of minimum shear strength in the latter, with the Brazilian approach being more conservative in this sense. The comparison between the results measured experimentally and calculated by the punching capacity model of ABNT NBR 6118: 2014 [11] considers the following simplifications: (i) the properties of the measured materials are used, (ii) all partial safety factors are equal to 1, (iii) the minimum perimeter length was used and (iv) the self-weight was not taken into account.
Database
The database used was presented by Lantsoght et al. [13] , which include the works of Reissen and Hegger [9, 10] Shear strength analysis of slabs without transverse reinforcement under concentrated loads according to ABNT NBR 6118:2014 observation of lower resistant shear stresses in thicker elements [41] . Lantsoght et al. [13] also comments that many of the experiments reported in the literature present a combination of failure modes involving one-way shear and/or punching with flexure. In order to eliminate the experiments that may have failed in flexure these were evaluated through the simplified rectangular stress diagram for the active bending moment [13] . In this analysis, the lever arm z was assumed as 0,9•d l and the height of the rectangular stress diagram was adopted as 0,2•d l . Based on these analyses the database was reduced to a total of 118 experiments, of which 87 were reported to fail as wide beams (WB) and 21 experiments reported failing by punching (P). As the experiments of Graf [30] presented loads very close to the support, which resulted in distances a v ≤ 0 these results were discarded in later analyses. database used in this paper. In Figure 9a and Figure 9b the Dutch method was used to define the effective width (b eff1 ). In Figure 9c and Figure 9d the French method was considered to define the effective width (b eff2 ). Figure 9 also present the results considering the factor β EC (Figure 9b and Figure 9d) or not ( Figure 9a and Figure 9c ) for the reduction of the design shear force in the case of loads distributed in small areas close to supports. Table  1 present the scatter measurements between the experimental and calculated values of shear strength (V exp /V NBR or V exp,red /V NBR ). From Figure 9 it is observed that the consideration of the β EC improved the correlation coefficient R 2 of the linear regression between the experimental and calculated values from 0,499 to 0,628 with the Dutch approach and from 0,666 to 0,770 with the French approach to defining the effective width. Among the different approaches to defining the effective width, it was observed that the French approach b eff2 provided better correlations between Figure 9d) , illustrated by the greater number of points to the right of the line at 45° in Figure 9b and Figure 9d and also by the angular coefficient of the linear regression equation farthest from the unitary in these cases. Therefore, it can be stated that the lack of consideration of the coefficient β EC and the use of the Dutch approach (b eff1 ) to define the effective width tends to be more conservative, although it has also resulted in a high percentage of unsafe predictions (43%). 
Results and discussions
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From Table 1 it can be observed numerically that the mean value (μ) of ratio V exp /V NBR using the Dutch approach to defining the effective width (b eff1 ) improved from 2,00 to 1,37 considering the reduction of the design shear force (β EC ), in the case of loads distributed in small areas near the support, with a significant reduction in the coefficient of variation (ν), that reduced from 124,5% to 57,7%. This very high scatter of values was significantly reduced with the French approach to defining the effective width (b eff2 ), with the average value of the relation V exp,red /V NBR,beff2 assuming an average value of 1,02 and with the coefficient of variation of approximately 30%.
Effect of specific parameters
Due to the complexity involved in the shear strength and the shear transfer mechanisms mobilized in reinforced concrete elements, it is common to analyze the accuracy of the calculation models according to specific parameters. Since the best level of accuracy obtained with ABNT NBR 6118: 2014 [11] was obtained with the effective width defined according to the French method (b eff2 ) and using the coefficient of reduction of the design shear force β EC , these considerations were used in the subsequent analyses presented in Figure 10 .
In Figure 10a it is observed that the procedure of the Brazilian code tends to be more conservative for the smaller ranges of concrete resistances, with the results V exp,red /V NBR assuming μ=1,11 and ν=28% in the range f c <40MPa and μ=0,89 and ν=26% in the range f c >40MPa. Figure 10b shows a slight tendency towards greater conservatism of the Brazilian code for lower relations a v /d l and unsafe predictions to shear span to depth ratios a v /d l >3, indicating that perhaps the punching models fit better in the case of loads further away from the support. In Figure 10c it is observed that a higher level of scatter is reached for lower ratios of flexure reinforcement, with the ratio V exp,red /V NBR,beff2 assuming μ=1,04 and ν=30% to ρ l < 1,4% and μ=0,91 and ν=17,5% to ρ l > 1,4%. In Figure 10d it is observed that the highest level of scatter of the results is associated with elements with a lower effective height, indicating a strong influence of scale effect on the results.
Failure mode
In these analyses the experiments that presented intermediate failure mode between punching (P) and wide beam (WB) were excluded, as well as experiments without failure mode described in the references. The Figure 11a shows that the application of the oneway slab model with the definition of an effective width fits well in the case of punching failures near the supports, but this result may have been influenced by the reduced number of experiments failing by punching. In the analysis of the elements that failed by punching the ratio V exp,red /V NBR,beff2 assumed mean value μ=1,42 and coefficient of variation ν=26,57%. In Figure 11b , with the one-way approach applied to experiments failing as wide beams (WB), a large number of experiments with unsafe predictions were observed. In this case the ratio V exp,red /V NBR,beff2 resulted in μ=0,92 and ν=20,29%. Figure 12b shows a lower scatter predictions compared to Figure 12a , allowing a clearer identification of the influence of the load position on the accuracy level of the model. In Figure 12a and Figure 12b it was observed that the formulation present a lower scatter in the case of cantilever slabs (CT), with the ratio V exp,red /V NBR,beff2 assuming μ=0,92 and ν=32,04%, but with a high number of unsafe predictions in the model. A large number of unsafe predictions was also observed in the case of loads close to simple support (μ=1,02 and ν=27,44%). In the case of loads near continuous supports (CS) unsafe predictions were not observed, although the level of precision of the results, which presented ratio V exp,red /V NBR,beff2 with μ=1,62 and ν=23,82%, is questionable. Figure 13 presents the effect of to take into account the coefficient β EC , to reduce the shear stress in the critical perimeter, in the case of partially distributed loads close to supports (a v ≤ 2d) due to the direct load transfer towards the support by strut action or arching effect. Although this is a common practice in analyzes of one-way shear strength of beams, just a few studies deal with this practice in the case of punching capacity analysis. In Figure 13 it is observed that the coefficient β EC significantly improved the level of approximation of the punching approach according to the database analyzed, with the ratio τ exp /τ R,NBR being improved from μ=1,34 to μ=1,04 and followed by a reduction of the coefficient of variation from ν=79,08% to ν=37,10%. However, as the number of unsafe predictions (calculated punching capacity greater than the experimental one) was high, perhaps the analysis of punching capacity is not the most suitable in the case of slabs subject to loads partially distributed close to the support. As this result may have been influenced by the small number of experiments that presented a punching failure mode (18/118), a more detailed analysis according to the failure mode of the experimental models is essential. Figure 14 illustrates the level of approximation of the punching approach recommended by the ABNT NBR 6118:2014 applied to elements that failed by punching (P) and as wide beams (WB). From Figure 14a it was observed that the predictions of punching capacity in the elements that presented a punching failure were more conservative (τ exp,red /τ R,NBR with μ=1,30 and ν=31,42%) compared to the elements that failed as wide beams (τ exp,red /τ R,NBR with μ=0,99 and ν=38,81%). Furthermore, from Figure 14a it was observed that, considering or not the coefficient β EC , the application of the punching capacity model to the elements that failed as wide beams was quite critical, with a percentage of unsafe predictions (τ exp <τ cal,NBR ) ranging from 42% to 47%. In other words, although the ratio τ exp,red /τ R,NBR had an average value close to unity (μ = 0.99), the coefficient of variation of 38.81 % decreased the safety of the approach. As in the case of partially distributed loads close to support the most frequent failure mode is the one of wide beams, the application of the punching model in these cases can be considered unsafe. In Figure 14b it was observed that the elements that failed by punching presented a τ exp /τ R,NBR ratio closer to the unit when considering the coefficient β EC , with the mean value of the ratio between experimental and theoretical results μ=2,50 being reduced to μ=1,30. In addition, the coefficient of variation, which measures the dispersion between experimental and theoretical results, also reduced from ν = 63.26% to ν = 31.42%. However, the dispersion remained can be considered still high. Figure 15 presents the level of approximation of the ratio τ exp,red /τ R,calc,NBR , taking into account the reducing load factor β EC to loads near of supports, according to the compressive strength of concrete f c (Figure 15a ), ratio of flexural reinforcement ρ ℓ (Figure 15b) , ratio a v /d ℓ ( Figure 15c ) and effective depth to longitudinal reinforcement d ℓ (Figure 15d) . As in the case of the approach with the one-way slabs model or slab strips, some difficulty was observed in identifying trends of results according to the parameters evaluated due to the great scatter of the results. In the case of Figure 15 this was even more difficult, probably due to the dependence of the slab characteristic in both directions. In analyses using the mean value d=(d ℓ +d t )/2 and some difficulty was also identified. From Figure  15 , only a tendency of less dispersion of the results was observed with the increase of the compressive strength of the concrete (Figure 15a ) as with increasing of the ratio of flexural reinforcement (Figure 15d ), but which may have been influenced by the reduction in the number of experimental results in these ranges. Figure 15 shows that the scatter of predictions of resistance with the punching approach was more pronounced for the same parameters evaluated with the one-way model. Thus, it was not possible to state behavior trends in the punching model without further experiments. Figure 16 shows the level of accuracy of the ratio τ exp,red /τ R,calc,NBR according to the experimental shear stress at the critical perimeter and the load position on the slabs. Figure 16a shows that the punching model provides more conservative results for the higher loadings, but for critical perimeter with shear stresses less than 0.7 MPa the model presents critical results. In addition, the results obtained showed that for loads close to the support in regions of slab continuity the ratio τ exp,red /τ R,calc,NBR was more conservative (μ=1,47 and ν=13,65%) than in the cases of loads close to the support of cantilever slabs (μ=0,92 and ν=37,80%) and simply supported slabs (μ=1,05 and ν=37,64%). The same behavior among different load positions was observed in Figure  16b , which illustrates the higher scatter of the results for loads close to simple supports (SS) and the lower scatter obtained continuous slabs (CS), but this time according to the thickness of the slabs. 
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Summary of results
The Table 2 summarizes the results obtained according to the approaches of shear strength in one-way slabs and punching capacity verification available in ABNT NBR 6118: 2014 [11] and Eurocode 2 [18] . Among the main results, Table 2 pointed out that the French approach (b eff2 ) and the consideration of the reduction of shear force with β EC , for loads distributed in small areas near the support, increase significantly the level of prediction of the oneway model of calculation of shear strength, both in the European and Brazilian codes, reducing the coefficient of variation of the ratio V exp /V NBR from 124,5% to 29,76% and with the average value of the ratio V exp /V NBR being reduced from 2,00 to 1,02. However, the precision and accuracy gain in the model is controversial since, due to the large coefficient of variation, the model resulted in a high number of unsafe predictions of the shear strength (58%), that is, with V exp /V calc,NBR <1. In the European code, comparatively, although the average value of V exp,red,EC /V R,c,beff2 was 1,35, the percentage of unsafe predictions of shear strength was lower (19%). From Table 2 it can still be distinguished that there is a difference of results according to the shear strength model depending on the experimental failure mode of the elements. For example, by applying the Brazilian model of shear strength in one-way slabs to the elements that failed by punching, the results of V exp,red /V NBR,beff2 were
Figure 16
Level of accuracy of the punching model from ABNT NBR 6118:2014 (γ c = 1) according to the static system and: a) shear stress at the critical perimeter and b) slab thickness Shear strength analysis of slabs without transverse reinforcement under concentrated loads according to ABNT NBR 6118:2014 more conservative (μ=1,42 and ν=26,57%) and with lower failure percentage than the ones obtained by applying the method to elements that presented failure in a one-way mode as wide beams or slab strips (μ = 0.92 and ν = 20.29%).
Regarding the models of punching capacity, it was observed that the relation τ exp /τ R,calc,NBR showed pronounced differences of result with the consideration or not of the coefficient β EC , especially in those elements that presented a punching failure model. In these cases, the average value of the τ exp /τ R,calc,NBR varied from 2.50 to 1.30 and the coefficient of variation decreased from 63.26% to 31.42%. Comparatively, the European standard also improved the accuracy with consideration of the β EC factor, but the coefficient of variation increased from 40.92% to 45.13% with β EC . In the case of elements that failed as wide beams, although the ratio was close to 1 with both the Brazilian and European standard models, the high coefficient of variation and the excess of capacity predictions contrary to the safety indicated that this verification approach would not be the most adequate.
Conclusions
The text presents a study with focus on the evaluation of the level of precision of the Brazilian standard regarding the approaches of shear strength in the case of concentrated loads in small areas near the support, comparing in the end the results with those provided by the corresponding European code. From the results, it can be concluded that: n The model of shear strength in the Brazilian standard to linear elements, as currently provided, presented unsatisfactory results of precision in the case of loads distributed in small areas near the support with the one-way approach (V exp /V NBR,beff1 with μ=2,00 and ν=124,5% and V exp /V NBR,beff2 with μ=1,34 and ν=78,68%); n Consideration of the reduction of the shear force in the case of loads distributed in small areas close to the support by the factor β EC , as well as the use of the French definition of the effective width, result in a better level of accuracy with regard to V exp /V NBR (μ =1,02 and ν =29,73%). Meantime, due to the large number of unsafe predictions of resistance with this procedure (58% of V exp /V calc <1), its incorporation into the formulation provided by the Brazilian code is still questionable; n Regarding the Brazilian model of punching capacity, it was observed that taking into account the reduction of shear force in the case of loads close to the support significantly improved the accuracy and precision of the ratio τ exp /τ R,NBR , regardless of the failure mode of the experiments. However, due to the still high coefficient of variation (>35%) and a large number of unsafe resistance predictions, the verification of punching capacity in the case of partially distributed loads close to the support proved not to be the most adequate, especially in the possibility of failure as a large beam.
